There are two main goals of this treatment: immediate stabilization of the affected traumatized segments, and securing conditions so that vertebral healing or segmental fusion occurs. Although the entire philosophy of such treatment can vary from one hospital to another, the most common practice is stabilization using transpedicular screws, which is preceded by subperiosteal muscle separation in the posterior midline approach. These conventional open procedures can be associated with significant perioperative morbidity such as blood loss and/or infection. Verlaan et al. 19 reviewed the literature and reported a mean blood loss of greater than 1 L for the posterior, anterior, or combined surgical approaches. According to the analysis performed using data from 138 publications, the average incidence of infectious complications might affect up to 3.1% of patients in connection with the posterior approach. 19 Some reports show an incidence of infectious complications as high as 10% in such groups of patients. 15 In addition, conventional open procedures can also be associated with approach-related morbidity. Posterior midline approaches have been shown to cause significant postoperative muscle atrophy and scarring as a result of the muscle separation lateral to the facet joints, direct trauma to the vasculature, and increased intramuscular pressure after insertion of commonly used retractors. All these maneuvers cause denervation and ischemia of the paraspinal muscles. 7, 11 In an effort to minimize soft tissue injury, systems have been developed to place transpedicular screws percutaneously. These systems were originally constructed for the treatment of degenerative conditions of the lumbar spine and such techniques have been available in clinical practice for more than 10 years now. 3, 8 Although surgery using minimally invasive percutaneous fixators leads to the reduction of blood loss and postoperative pain, and a faster return to previous activities, 14, 18 the expectation regarding better long-term outcome has not been confirmed by highly graded scientific studies. In spite of this fact, minimally invasive percutaneous transpedicular screw techniques have already been used within the different fields of spinal surgery, such as surgery of thoracolumbar fractures. The main aim of this study was to compare clinical and radiological outcomes for thoracolumbar spine injury after stabilization by a percutaneous transpedicular screw system, and stabilization using the standard open approach.
Methods

Study Population
Thirty-seven consecutive patients were enrolled in this prospective study over a period of 16 months. All patients were urgently admitted to the Military University Hospital in Prague following thoracolumbar spine trauma. There were 4 inclusion criteria: 1) 1 thoracolumbar fracture classified as A3.1-A3.3 according to the AO/ Magerl classification (incomplete burst, burst-split, and complete burst fractures)
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; 2) absence of neurological deficits; 3) no other significant injuries; and 4) willingness to participate in the study. After an explanation of the surgical options, patients signed an informed consent form authorized by the local ethics committee.
Operative Procedures
All operations were performed within 24 hours of admission, and in the vast majority of cases within 6 hours. Eighteen patients were treated by short-segment (1 level above and 1 level below the fractured vertebra) minimally invasive, percutaneous pedicle screw instrumentation (Sextant, Medtronic; Fig. 1 ). Screws were placed under control of biplanar fluoroscopy using 2 perpendicular C-arms.
The control group was composed of 19 patients who were stabilized using a short-segment transpedicular construct that was performed through a standard midline incision involving subperiosteal muscle separation (USS, Synthes, or S 4 , BBraun; Fig. 2 ). Screw placement was controlled using lateral fluoroscopy and subsequently using final anteroposterior projection after all screws were inserted. There was no fusion performed in the percutaneous group, unlike the control group, in which a posterolateral fusion was performed using local bone mixed with bone substitute. These two described techniques were regularly alternated between each consecutive patient. Therefore, each consecutive patient received a different treatment from the previous one. None of the patients decided to reject the offered procedure. All surgeries were performed by fully qualified spine surgeons with at least 10 years of experience in spine surgery.
Imaging Evaluation
Radiographic evaluation consisted of supine admission radiography, CT, and MRI. The accuracy of screw placement was examined using CT on the 1st postoperative day and then using standing radiographs obtained after mobilization of each patient. Standing radiographs were again acquired during the entire follow-up period (1, 2, 3, 6, 12, and 24 months after surgery). Kyphotic deformity and radiographic follow-up were defined by the vertebral body index (VBI: relation between the anterior and posterior wall height of the fractured vertebra), vertebral body angle (VBA: angle defined by the upper and lower endplate of the fractured vertebra), and bisegmental Cobb angle (angle defined by the upper endplate of the first vertebra above the fractured one and by the lower endplate of the first vertebra below the fractured one). When assessing pedicle screw placement, we paid special attention to medial suboptimal screw position, defined as medial pedicle wall breach. The instrumentation was removed from the mobile part of the lumbar spine (below L-2) at 1 to 1.5 years after the surgery.
Postoperative Procedures
Patients were mobilized on the 1st or 2nd day after surgery without any external support and additional physiotherapy was initiated. The primary parts of the subsequent physiotherapy regimen were isometric contractions, training of postural stability, and muscle group harmonization for optimal posture.
The postprocedural global pain profile was assessed using a visual analog scale (VAS) 17 completed every day by the patients during the 1st week after surgery. Two years after the surgery, we evaluated overall satisfaction and pain by a simple 4-stage scale relating to their performance of daily activities: 1 = without any inconvenience; 2 = some residual difficulties, no need of analgesics; 3 = difficulties partially limiting common daily activities, analgesics occasionally; and 4 = significant limitation during daily activities, suboptimal response on analgesics. The working ability of the patients and their return to their original occupation was also monitored during the first 2 years after the trauma. Functional and radiographic outcome and working ability were assessed by 2 individuals (R.K. and J.L.) who never took part in the previous diagnostic and therapeutic processes.
Statistical Analysis
Results were evaluated using univariate ANOVA for repeated measures on variables under consideration with post hoc least significant difference testing. The main effects of time and method of treatment, and their interaction, were studied. A comparison of continuous variables was performed using the t-test. A comparison of categorical variables was performed using the chi-square test. All p values < 0.05 were considered statistically significant. The STATISTICA software program (version 10.0, StatSoft) was used for statistical evaluation.
Results
Thirty-five of 37 patients completed follow-up: 18 in the percutaneous group and 17 in the control group. Baseline characteristics, fracture types, and mechanisms of in- juries of patients in both groups are shown in Tables 1 and  2 . There were no neurological or medical complications recorded in connection with treatment. Only 1 patient from the control group developed a superficial incisional wound infection.
In the VBI parameter we found a significant effect of time (operation, p < 0.001), but no group effect or group and time interaction. During postoperative follow-up the VBI values were almost identical in both groups (Fig.  3A) . The VBA parameter on follow-up showed a significant time effect (p < 0.001) and a group and time interaction (p = 0.043). During the postoperative course VBA values in the control group were slightly lower, but these values were not found to be significantly different at any follow-up evaluation (Fig. 3B) . Similar to the VBI and VBA parameters, the Cobb angles showed a significant time effect (p < 0.001), but no group or group and time interaction during the follow-up period (Fig. 3C) .
When we assessed total surgical time, the percutaneous treatment group fared slightly but significantly better. The mean surgical duration in the percutaneous group was 53 ± 10 minutes, compared with 60 ± 9 minutes in the control group (p = 0.032). In comparing perioperative blood loss, the percutaneous treatment group lost an average of only 56 ± 17 ml, compared with an average of 331 ± 149 ml in the control group (p < 0.001).
The pain profile during the first 7 postoperative days, as reflected by VAS scores, is shown in Fig. 3D . A significant effect of time (p < 0.001) and group (p < 0.001) were found. Patients in the percutaneous treatment group scored significantly lower than those in the control group, and the pain profile showed a similar decline in pain in both groups during the first 7 postoperative days. Overall satisfaction at 2 years after surgery in both groups is shown Table 3 . For the sake of statistical evaluation, the 4-level scale was contracted into 2 levels (patients without any inconvenience vs patients with any degree of difficulties). Using this dichotomized approach, no significant difference was found between the groups (15 satisfied patients in the minimally invasive treatment group vs 13 in the control group; p = 0.402).
Working ability was assessed as the capacity of the patients to return to their previous working position. In the minimally invasive group, this was achieved in 17 patients, and in 12 cases in the control group (p = 0.088). A comparison between those patients in whom there were pedicle screws placed too medially on postoperative imaging showed no significant difference between groups (2 of 72 in the minimally invasive treatment group vs 5 of 68 in the control group; p = 0.265). Nevertheless, none of the patients required surgical revision. There was no construct failure recorded during follow-up.
Discussion
In the past decade, there has been an apparent trend to minimize soft tissue injury during spinal surgery. Percutaneous transpedicular screws are currently used in the treatment of thoracolumbar fractures, 2, 16 although there is a substantial lack of scientific evidence for this technique. This minimally invasive approach might involve some important drawbacks. The most often cited drawbacks include a reduced angular stability of the polyaxial screws, lesser potential to correct kyphotic deformity, suboptimal condition for spinal fusion, and the fact that the majority of such systems can provide only short-segment fixation. Although the initial results with short-segment fixation in thoracolumbar trauma cases were dismal, showing mechanical failure in as many as 50% of patients, 12 currently the general consensus about the suitability of this therapeutic approach is that it is acceptable in preselected patient groups. 23 Furthermore, this procedure can even be performed with no intersegmental fusion in patients with supposedly favorable bone healing potential and the absence of significant ligamentous instability. 22 Therefore, unstable burst-type fractures (AO/Magerl Type A3 classification) without severe kyphotic deformity were selected for this trial.
Assaker 1 first reported on the application of percutaneous transpedicular fixation in thoracolumbar trauma. He presented results of both a primary, stand-alone technique, or in combination with an anterior endoscopic approach. The average loss of correction was 7.5°, there was no reported construct failure nor loosening, and no difference in long-term outcomes were shown in his case series.
1 There were only 2 retrospective cohort studies published on this topic until 2012. Wild et al. 21 retro- spectively reviewed the records of 21 patients who were treated using posterior fixation (mainly for thoracolumbar fracture A3, according to the AO/Magerl classification), without any anterior or posterior fusion, in which the percutaneous system was used in 10 patients and a conventional open procedure in 11 patients. There was no significant difference in the degree of intraoperative reduction or in loss of correction during follow-up at 5 years after implant removal, but the patients in the control group were significantly older and had significantly greater kyphotic deformity. 21 In 2010, Wang et al. 20 published records of 38 patients in a similarly designed trial (17 patients in the percutaneous group and 21 in the open group), showing no significant difference in age or kyphotic deformity between groups. After a mean follow-up of 11.6 months they reported the same radiological results as Wild and colleagues had previously. 20 Finally, in 2012, the first randomized trial was published comparing the efficacy and safety of 2 paraspinal muscle-sparing surgical approaches in the management of neurologically intact patients after thoracolumbar burst fracture. There were 31 patients in the percutaneous treatment group and 30 in the paraspinal approach group. After more than 3 years, the authors concluded that the paraspinal approach is able to correct deformity in the case of unsuccessful postural reduction, but there were no significant differences between groups in long-term stability. 6 Radiological data in our study did not deviate from previously published patient series. We found significant correction in all monitored parameters in both groups, and the percutaneous technique was even slightly better compared with the control group in terms of restoration of VBI. During the entire follow-up period there was no significant deterioration in any of the monitored parameters, and the mean loss of correction did not exceed 5° in either group. According to these data, we concluded that the reduced angular stability of polyaxial screws does not hamper their constructs, compared to the angle-stable fixations in the preselected fracture pattern. Even the correcting capacity appeared to be adequate for A3-type fractures, according to AO/Magerl classification.
Some authors advocate polymethylmethacrylate augmentation of percutaneous transpedicular screws with or without kyphoplasty of fractured vertebrae in patients without osteoporosis. 13 We do not find this concept to be useful in patients with normal bone supply because screw anchoring appeared to be adequate and sufficient, according to our results. In our opinion, polymethylmethacrylate augmentation only increases the potential risk of perioperative complications. Furthermore, there are no published data to clarify the potential long-term consequences of bone cement placed into the vertebral body, and speculation about interference with the natural vertebral body healing process might be correct. 9 A wide variation in the rate of transpedicular screw misplacement with the open technique has been reported. Gelalis et al. 4 analyzed 26 prospective clinical studies including a total of 1105 patients (6617 screws inserted). The percentage of the screws that were fully contained within the pedicles ranged from 69% to 94% using the freehand technique. Heintel et al. 5 recently published results of 502 percutaneously inserted transpedicular screws in 111 patients. All screws were inserted with the assistance of 2-plane conventional fluoroscopy, 98% were found to have good or excellent position, and only 1 screw had to be revised due to a medial position with a neurological deficit.
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We did not reach such a high accuracy as Heintel et al. did, even though our results reached the accuracy of other published studies of the open technique. Additionally, there was no significant difference between the studied groups in our trial and there was also no need for screw revision for a neurological deficit or any suspicion of inadequate fixation strength. Accordingly, the safety and accuracy of transpedicular screw placement is the same for open and percutaneous techniques, and again this is consistent both with our data and published data.
The significantly lower blood loss in the percutaneous group was an expected and unsurprising result. The same finding was published in the vast majority of studies in the literature on this topic. The operative time was significantly reduced in the percutaneous technique compared with the open technique, and this fact was also a very important result for us. Percutaneous transpedicular screw insertion is sometimes considered to be a more technically demanding and time-consuming technique in comparison with the standard open technique. 13, 18 We do not agree with such a statement, in spite of the fact that this technique requires certain experience. Once such a learning curve is overcome and this technique is mastered, the opposite is true.
Postoperative incisional pain was significantly reduced by the percutaneous technique in our study, but the 2-year overall satisfaction and working ability were not affected by either technique, according to our data. The same conclusion was found in every previously performed study. The more interesting finding was that working ability was higher in the percutaneous group; borderline significance was found in favor of this technique. On the other hand, we have to remind ourselves of the potential influence of the relatively low numbers of enrolled patients on the statistical calculations, and the fact that the average age was approximately 6 years older in the control group. There is insufficient scientific evidence within the literature concerning the feasibility and capability of percutaneous transpedicular screw systems in the field of thoracolumbar spine trauma. This rather small series is not sufficiently powered to entirely resolve this issue, but the assumption for A3 fractures (according to AO/Magerl classification) has been proven. Nevertheless, further well-designed randomized controlled studies are mandatory to clarify this topic.
Conclusions
According to the results presented here, we can confirm that the percutaneous transpedicular screw technique represents a viable option in the treatment of preselected thoracolumbar fractures. This technique can provide safe and effective treatment for A3-type AO/Magerl fractures. A significant reduction in blood loss, postoperative pain, and surgical duration are the main advantages associated with this minimally invasive technique. Clinical, functional, and radiological results are at least the same as those achieved in the open technique after a 2-year follow-up. These results do not support the traditional 18 but this has not been investigated in our study.
